An intravenous mouse infection model was used to compare the virulence of Enterococcus faecalis strains, to study bacterial localization and organ histopathology, and to examine the effects of Nramp1 and gamma interferon (IFN-␥) on the course of infection. Infection of BALB/c mice with 5 ؋ 10 8 CFU of E. faecalis JH2-2, MGH-2, 418, DS16C2, or OG1X revealed the following virulence ranking (from highest to lowest): MGH-2, 418, DS16C2, JH2-2, and OG1X. Discernible differences in the number of MGH-2 and JH2-2 bacteria were observed at 7 days (168 h) in the blood (P ‫؍‬ 0.037), at 72 h in the liver (P ‫؍‬ 0.002), and at 8 h in the spleen (P ‫؍‬ 0.036). At these time points, the number of MGH-2 bacteria was higher in the blood and liver while the number of JH2-2 bacteria was higher in the spleen. At 72 h, livers from MGH-2-infected mice had higher numbers of coalescing aggregates of leukocytes and a greater degree of caseous necrosis than those from JH2-2-infected mice. These results indicate a correlation between the virulence of the E. faecalis strain, the number of bacteria in the liver, and the degree of histopathology of the liver at 72 h postinfection. IFN-␥ was important in E. faecalis infection, since IFN-␥ gene knockout mice had reduced mortality and massive coagulative necrosis was observed in wild-type mice. The contribution of Nramp1 was unclear, since Nramp1 ؊/؊ mice and the respective control mice were innately resistant to E. faecalis. The mortality of mice in this model is probably due to induction of cytokine release and massive coagulative necrosis.
Enterococcus faecalis is the third leading nosocomial isolate from patients with bacteremia (11) . Bacteremia with E. faecalis is a life-threatening condition that causes death in 28 to 75% of patients (1, 14, 17, 29, 31, 37, 44, 53) and has a mortality rate of 1.7 to 20% in patients who develop endocarditis (3, 14, 32, 37, 52, 53) . Bloodstream infections with E. faecalis can occur due to contamination of intravenous catheters, ascending urinary tract infections following catheterization, intravenous drug abuse, or abdominal surgery (2, 4, 12, 17, 25, 26, 31, 33) . Many studies have focused on demonstrating that the presence of specific virulence factors such as aggregation substance, cytolysin, surface protein EspA, and extracellular superoxide production are closely associated with E. faecalis isolates from bacteremic patients (20, 21, 30, 42) . Results from these studies suggest that the presence of these virulence factors (or a subset of these factors) may augment the ability of E. faecalis to exist in the bloodstream, since fecal isolates less frequently contain these factors.
Animal studies to determine the role of virulence factors in disease (41, 45, 46) or to study antimicrobial efficacy (5, 6, (34) (35) (36) have often relied on intraperitoneal injection of mice with E. faecalis, either alone (23) or in conjunction with a virulence adjuvant such as mucin or sterile rat fecal extracts (5, 35, 46) . Preliminary studies in our laboratory have shown that the use of the intraperitoneal infection model with mucin in BALB/c mice induces a peritoneal inflammatory response that results in adherence of inflammatory cells to the outer surfaces of organs and necrosis. In addition, in our experience, injection of E. faecalis with mucin resulted in deposition of the bacteria on the surfaces of organs. The deposition of bacteria and inflammation at the organ surface precluded accurate evaluation of the bacterial burden and histopathology within the organs of infected mice (unpublished data). In this study we developed a mouse intravenous infection model and compared the virulence and histopathology induced by a more virulent E. faecalis isolate with those induced by a less virulent E. faecalis isolate. This animal model was chosen because we believed that it approximated bloodstream infections in patients following contamination of intravenous catheters or intravenous drug abuse. The bacterial burden and histopathology in organs of intravenously infected mice were examined over a 10-day infection period, and statistical analyses were performed to determine whether there was a discernible difference in the numbers of bacteria in organs from mice infected with either a more versus a less mouse-virulent E. faecalis isolate.
Previous studies in our laboratory indicated that E. faecalis isolates can persist in mouse peritoneal macrophages and suggested that macrophages play a role in E. faecalis infections (15) . Therefore, the intravenous mouse infection model was also used to test whether disruption of the Nramp1 allele or the gamma interferon (IFN-␥) gene altered mouse mortality.
MATERIALS AND METHODS
Bacterial strains. E. faecalis MGH-2 (isolate from patient with bacteremia; positive for aggregation substance and cytolysin, deficient in gelatinase) was kindly supplied by Michael Cohen (Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Co., Ann Arbor, Mich.) (6) . E. faecalis JH2-2 (plasmid free; deficient in aggregation substance, cytolysin, and gelatinase; a derivative of clinical strain JH2) (24) , OG1X (streptomycin resistant; an aggregation substance-, cytolysin-, and gelatinase-defective strain) (22) , and DS16C2 (cured of pAD2; derivative of clinical isolate DS16; positive for aggregation substance, cytolysin, and gelatinase) (13) were provided by Don Clewell (University of Michigan School of Dentistry, Ann Arbor). E. faecalis 418 (aggregation substance positive, cytolysin deficient, and gelatinase positive) was isolated in our laboratory and has been described previously (15 (10) were provided by Ian Orme (CSU, Fort Collins, Colo.). Nonhemolyzed rabbit serum was purchased from Pel-Freez Biologicals, Rogers, Ark. The rabbit serum was heat inactivated at 56°C for 1 h prior to use. Brain heart infusion (BHI) broth and agar were purchased from BD Biosciences, Bedford, Mass. Dulbecco's phosphate-buffered saline (PBS) (Ca 2ϩ and Mg 2ϩ free) was purchased from Life Technologies, Inc. (GIBCO BRL), Rockville, Md. Somatic cell slides were purchased from Bellco Glass, Vineland, N.J. Methylene blue and heparinized microhematocrit capillary tubes were purchased from Fisher Scientific, Pittsburgh, Pa. Costar 96-well cell culture plates were purchased from Corning Inc., Acton, Mass. Test tube plugs were purchased from VWR, West Chester, Pa. Tube and pestle sets for tissue homogenization were purchased from Glas-Col Co., Terre Haute, Ind.
Intravenous infection of mice. E. faecalis strains were grown overnight at 37°C in 5 ml of heat-inactivated, nonhemolyzed rabbit serum under stationary conditions, with the exception of E. faecalis DS16C2 and OG1X. The latter two strains were grown in BHI broth, since they clumped when grown in rabbit serum, making accurate quantitation by the Breed count method (see below) difficult. The overnight culture was diluted 1:100 (strain MGH-2 was diluted 1:50) into 100 ml of rabbit serum or BHI broth (DS16C2 and OG1X) and incubated under the conditions described above for 16 to 20 h. The culture was concentrated by centrifugation at 14,636 ϫ g (for 15 min at 26°C). The bacterial pellet was suspended in 2 ml of PBS, pH 7.2, to a final concentration of 10 9 bacteria/50 l. Bacteria were counted by the Breed count method (7). The bacterial suspension was diluted to 5 ϫ 10 8 /100 l based on the Breed slide count, and 100 l was injected intravenously (with a 28-gauge, 0.5-in. needle) into the tail vein of each mouse. The number of bacteria for injection was derived from a series of preliminary studies in our laboratory in which groups of mice were infected with a range of 10 6 to 10 9 CFU of E. faecalis. A bacterial suspension of 5 ϫ 10 8 CFU was found to be optimal for inducing a reproducible, longer-term, nonacute infection with morbidity and mortality in mice. The number of bacteria injected per mouse was confirmed by broth dilution of the inoculum and viable plate counts. Mice were observed daily for morbidity and mortality, and any mice exhibiting noticeable morbidity (scruffy coats, lethargy) were euthanized immediately by CO 2 asphyxiation. Groups of 10 to 15 BALB/c and IFN-␥ GKO mice were used for each experiment, and infection experiments were repeated three times. Due to the low number of Nramp1 Ϫ/Ϫ and 129/svEvTac progeny, infection studies with these mice consisted of two experiments using groups of 10 Nramp1 Ϫ/Ϫ and 129/svEvTac mice. The total number of dead mice was tallied at 5, 10, 15, and 20 days postinfection, and the cumulative percent mortality was determined by dividing the number of dead mice by the total number of mice and multiplying by 100. The cumulative percent mortality was plotted versus number of days postinfection by using CA-Cricket Graph III software (Computer Associates International, Inc., Islandia, N.Y.).
Localization of E. faecalis in mouse organs. E. faecalis MGH-2 and JH2-2 were grown in rabbit serum and injected intravenously into BALB/c mice as described above, except that 50 to 60 BALB/c mice were used for each experiment. Four mice from each group were euthanized at 8, 24, 72, 168 (7 days), and 240 (10 days) h postinfection by CO 2 asphyxiation. Blood, heart, liver, kidneys, and spleen were removed to quantify viable bacteria. The heart, liver, kidneys, and spleen were placed in 4.5, 9, 4.5, and 4.5 ml of PBS, pH 7.2, respectively, and homogenized to completion (i.e., a homogenous cell suspension was derived) using individually sterilized pestles attached to a Sears Craftsman 2.5-hp drill. During homogenization, tissues were placed in an ice-water bath inside a biosafety cabinet. Aliquots of each homogenate were serially diluted, plated onto BHI agar, incubated overnight at 37°C, and observed for viable colonies. Counts of viable colonies were normalized by organ weight when organs were halved and processed for histopathological examination. This experiment was repeated three times to allow for statistical analysis.
Histopathology of organs. A portion (one-half) of the heart, liver, kidneys, and spleen from four to six mice at each time point was fixed for a minimum of 24 h in 10% buffered neutral formalin (pH 7) and submitted to the Histotechnology Laboratory at the CSU Veterinary Diagnostic Laboratory. The remainder of each organ was reserved for bacterial quantitation as described above. All organs were cut by a standardized method and placed in tissue cassettes for further processing by one individual. Slides of hematoxylin-eosin-stained tissues were prepared and observed for histopathology by microscopic examination. Histopathology results are from one experiment.
Statistical analyses of bacterial burden and histopathological lesions in organs. The number of bacteria recovered from each organ was plotted versus time postinfection as a scattergraph using SigmaPlot 4.0 (SPSS Inc., Chicago, Ill.). Histopathological lesions were graded for severity on a scale of 0 to 4. The scores were as follows: 0, rare inflammatory cells in aggregates of less than 5, scattered randomly in the parenchyma; 1, occasional small aggregates of 5 to 15 neutrophils, lymphocytes, or macrophages in the interstitium; 2, moderate numbers of cellular aggregates of 15 to 30 neutrophils, lymphocytes, or macrophages in the interstitium with no necrosis of tissue; 3, moderate to frequent numbers of multifocal to coalescing aggregates of neutrophils, macrophages, or lymphocytes with caseous necrosis of parenchyma; 4, multifocal to coalescing aggregates of neutrophils, macrophages, or lymphocytes with caseous or coagulative necrosis of parenchyma. Bacterial burdens in the organs were analyzed by nonparametric Mann-Whitney and Kruskal-Wallis ranked-order analysis by using MINITAB software (State College, Pa.) to determine the whether there was a discernible difference between MGH-2-and JH2-2-infected mice. A P value of Յ0.05 was used as an indicator of discernible differences between experimental parameters. A P value of Յ0.1 was also included in Table 1 and throughout the Results and Discussion, since this value has been used by some investigators as an indicator of discernible differences in animal studies.
RESULTS

Comparison of virulence of E. faecalis isolates.
Intravenous infection of BALB/c mice with E. faecalis MGH-2, JH2-2, 418, DS16C2, or OG1X resulted in 63, 30, 50, 37, or 27% mortality over the 20-day infection period (Fig. 1) . Deaths of mice occurred primarily between 7 and 10 days postinfection. Based on these initial studies, E. faecalis MGH-2 and JH2-2 were chosen for further infection studies, with MGH-2 representing the more-virulent strain and JH2-2 representing the less-virulent strain.
Since it is well established that bacterial survival in macrophages and/or the disease course is often related to the presence of the Nramp1 protein (9, 16, 18, 19, 38, 40, 47, 48) and IFN-␥ (8, 10), we infected IFN-␥ GKO and Nramp1 Ϫ/Ϫ mice intravenously with either a more-virulent (MGH-2) or a lessvirulent (JH2-2) E. faecalis isolate and compared their mortality rates with those of their respective control mice (BALB/c and 129/svEvTac). Following infection, the mortality of the mice was observed over a 20-day infection period to determine whether loss of these genetic loci relevant to survival of bacteria in macrophages would affect the severity of disease in intravenously infected mice.
In IFN-␥ GKO mice, the cumulative mortality upon infection with MGH-2 or JH2-2 was reduced from 63 or 30%, Organ burden in E. faecalis-infected mice. Numbers of viable bacteria in the blood, liver, heart, kidneys, and spleen following infection with either E. faecalis MGH-2 or JH2-2 were quantitated and graphed against infection time (Fig. 2) . Due to variability in the numbers of recovered bacteria, the values were plotted to show bacterial counts for individual mice in specific organs. A summary of the nonparametric statistical analysis of this data is shown in Table 1 . Analysis of the bacterial load in BALB/c mice revealed that at 8 h postinfection there was a discernible difference in the numbers of MGH-2 and JH2-2 bacteria recovered from the spleen (P ϭ 0.036), with a greater recovery of JH2-2. At 72 h postinfection, there was a distinct difference (P ϭ 0.002) in the recovery of the two strains from the liver (MGH-2 was recovered at a higher level) and a slight difference (P ϭ 0.059) in the kidneys (higher viable counts of JH2-2). By 7 days (168 h) postinfection, the only discernible difference in the number of MGH-2 and JH2-2 bacteria was in the blood (P ϭ 0.037), however, the number of MGH-2 bacteria was slightly higher than the number of JH2-2 bacteria (P ϭ 0.057) in the liver. MGH-2 was present at a higher level than JH2-2 in the blood (P ϭ 0.060). The heart was not preferentially colonized by either MGH-2 or JH2-2 over the infection period.
Histopathology of organs from infected mice. Minor histopathological lesions were observed at equivalent levels in the liver at 8 and 24 h postinfection in MGH-2-and JH2-2-infected mice (Table 2 ). Microscopic examination of the livers from MGH-2-infected mice at 72 h revealed moderate to frequent numbers of multifocal coalescing aggregates of leukocytes with caseous necrosis in the parenchyma (Fig. 3) . Livers from mice infected with JH2-2 showed occasional small aggregates of 5 to 15 leukocytes in the interstitium of the liver; however, the number of infectious foci was reduced. These observations continued to 7 days (168 h) postinfection. Resolution of the necrotic foci in the liver was observed by 10 days (240 h) in mice infected with MGH-2, while two of five mice infected with JH2-2 had moderate to low numbers of pathological lesions. Noticeable lesions did not occur in the kidney until 24 h postinfection in mice infected with JH2-2. Mice infected with JH2-2 had minor lesions in the kidney at 24 and 72 h postinfection, while kidneys from mice infected with MGH-2 lacked his-
FIG. 1. Mortality of BALB/c, IFN-␥ GKO, Nramp1
Ϫ/Ϫ , and 129/svEvTac mice after intravenous infection with E. faecalis strains. Each bar represents the cumulative percent mortality for day 0, 5, 10, 15, or 20 postinfection. The medium used for bacterial growth (rabbit serum or BHI broth) is shown below the graph. In initial infections with BALB/c mice, strains MGH-2, JH2-2, and 418 were grown in rabbit serum while E. faecalis strains DS16C2 and OG1X were grown in BHI prior to injection for the reasons given in Materials and Methods. In subsequent experiments with IFN-␥ GKO, Nramp1 Ϫ/Ϫ , and 129/svEvTac mice, E. faecalis MGH-2 and JH2-2 were grown in rabbit serum before injection. 
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on October 1, 2017 by guest http://iai.asm.org/ topathological lesions at this time point. However, by 7 days (168 h) postinfection, the severity of the lesions in the kidney was slightly greater in MGH-2-infected mice than in JH2-2-infected mice. At 10 days (240 h) postinfection, the lesions had almost completely resolved in the MGH-2-infected mice, while the JH2-2-infected mice had low levels of lesions in the kidney. Consistent histopathological lesions were not observed at any time in the hearts or spleens of mice infected with either MGH-2 or JH2-2. Due to the low numbers of mice whose organs were examined microscopically (one experiment; four to seven mice per time period, depending on mouse survival), these data could not be analyzed by Mann-Whitney or KruskalWallis nonparametric statistics.
DISCUSSION
An intravenous mouse model was used to compare different E. faecalis strains for virulence in BALB/c mice by measuring the percent cumulative mortality over a 20-day infection period. One obvious difference between the intravenous mouse infection model and the intraperitoneal infection model is that the latter is an acute death model, i.e., death in infected, untreated mice occurs within approximately 24 to 48 h. In the intravenous infection model, mouse mortality occurred primarily between 7 to 10 days postinfection. As with other animal models used to study the virulence of E. faecalis strains or isogenic mutants, the intravenous infection model we describe required a high dose of bacteria (5 ϫ 10 8 CFU) to cause morbidity and mortality in mice. Early methods to compare E. faecalis strains for virulence in mice consisted of a mouse intraperitoneal infection model that required injection of ϳ3 ϫ 10 8 CFU per mouse (strain ICR) to cause acute death (within 4 to 5 h postinfection) in all infected animals (23). More recently, E. faecalis mutants have been tested for reduced virulence by injecting ICR mice intraperitoneally with the bacteria in conjunction with a 50% suspension of sterile rat fecal extract (46, 50, 54) . The 50% lethal dose (LD 50 ) of the E. faecalis strains tested in this model was 2.2 ϫ 10 8 to 3.2 ϫ 10 8 CFU/mouse, with the greatest mortality between 24 and 36 h. Intraperitoneal injection of mice with E. faecalis suspended in mucin has been used to induce systemic infection and to evaluate the efficacy of antimicrobial agents. In these experiments, mice were injected intraperitoneally with E. faecalis (5 to 100 LD 50 s, depending on the study) suspended in 5 to 20% hog gastric mucin (6, 27, (34) (35) (36) 49) . These studies used CD1 or ICR mouse strains, and with the exception of one study (Cohen et al. [6] ) (10 4 to 10 5 CFU/mouse), the number of bacteria injected was not reported. In addition to these models, a neutropenic mouse model was recently used to determine the effect of granulocyte colony-stimulating factor in modulating the efficacy of antibiotics (39) . The LD 80 of E. faecalis was 10 7 CFU in neutropenic Swiss Webster mice injected intraperitoneally with the bacteria in 3% mucin. From these investigations, it is apparent that a high number of E. faecalis is required to cause lethal infection in mice and that treating mice with agents to reduce their immune function, thereby mimicking disease in immunocompromised patients, could probably reduce the required dose for infection in the intravenous mouse model.
By use of the mouse intravenous infection model in this laboratory, the virulence ranking (from most to least virulent) for the E. faecalis strains tested was as follows: MGH-2, 418, DS16C2, JH2-2, and OG1X. The lack of any single virulence factor (aggregation substance, cytolysin, or gelatinase) did not affect percent mortality; however, it is interesting that MGH-2, which produces a combination of aggregation substance and cytolysin, had the highest degree of virulence (63% mortality in mice) of the strains tested. In contrast, strains 418, JH2-2, and OG1X are deficient in aggregation substance and cytolysin and were associated with reduced virulence for mice in this model. An exception to this association of known virulence factors and mouse mortality was strain DS16C2, which produces aggregation substance, cytolysin, and gelatinase but caused only 37% mortality in this model. It is noteworthy that E. faecalis strains DS16C2 and OG1X were grown in BHI broth, rather than rabbit serum, in order to reduce clumping and to allow accurate quantitation of these bacteria prior to injection. Growth in serum has been found to alter the expression of E. faecalis virulence factors, and this must be taken into consideration in evaluating the results of these experiments (28, 43) . A representative virulent strain, MGH-2, and a less virulent strain, JH2-2, were used for further studies because they were readily quantitated after growth in rabbit serum.
Since previous studies in this laboratory determined that E. faecalis strains were capable of prolonged survival in mouse peritoneal macrophages, we examined the effects of lack of IFN-␥ (and thus lack of macrophage activation) on mortality caused by E. faecalis strains. Transgenic mice lacking IFN-␥ (IFN-␥ GKO on a BALB/c background) were infected with E. faecalis MGH-2 and JH2-2 and were observed for percent cumulative mortality over a 20-day infection period. Cumulative percent mortality was significantly reduced in both MGH-2-infected IFN-␥ GKO mice (4.5-fold decrease) and JH2-2-infected GKO mice (9-fold decrease) from that in infected BALB/c mice. Experiments to determine organ localization and histopathology were not performed for IFN-␥ GKO mice due to a lack of available animals. Despite this limitation, the results suggest that activation of macrophages is important in the death of animals following infection with E. faecalis, and this may reflect the role of inflammatory cytokine release in causing damage during infection.
Infection of transgenic mice lacking Nramp1 with E. faecalis MGH-2 and with E. faecalis JH2-2 resulted in similar reductions in the percent cumulative mortality of infected mice (threefold reduction each for MGH-2 and JH2-2) from that for BALB/c mice. However, the cumulative percent mortality of Nramp1 Ϫ/Ϫ mice infected with MGH-2 or JH2-2 was almost identical to that of the control 129/svEvTac mice. It is difficult to determine whether or not Nramp1 plays a role in death due to E. faecalis infections, since 129/svEvTac background mice have lower mortality than BALB/c mice and are similar to Nramp1 Ϫ/Ϫ mice. Since E. faecalis MGH-2 and JH2-2 differed in their abilities to cause death in BALB/c mice, the localization of these two bacterial strains and the resulting histopathology in blood and organs were investigated. The number of bacteria and severity of pathology in the liver at 72 h postinfection were the most reliable indicators of mouse mortality in this infection model. At this time point, mice infected with the more virulent MGH-2 strain had discernibly higher numbers of bacteria and more severe lesions in the liver than JH2-2-infected mice. These observations corresponded to a higher percent cumulative mortality in MGH-2-infected mice. The number of bacteria present correlated with the severity and number of histopathological lesions, suggesting that MGH-2 caused greater damage to the liver by one of the following mechanisms: (i) inducing a greater inflammatory reaction in response to bacterial infection, (ii) crossing the endothelial barrier more efficiently and therefore entering the tissues more readily and eliciting an immune response, (iii) increasing the ability of leukocytes to enter sites of infection, (iv) being less susceptible to killing by Kupffer macrophages, or (v) surviving at higher levels in the liver.
The numbers of MGH-2 and JH2-2 bacteria and the severity of lesions in the liver were similar by 7 days (168 h) postinfection. The number of bacteria in the liver remained high until 7 days (168 h) postinfection, followed by a gradual decrease in bacterial load by 10 days (240 h) postinfection. These observations suggest that during early infection, MGH-2 can multiply more rapidly or survive in the liver while JH2-2 is more readily killed in the liver. However, by 7 days (168 h) postinfection, the number of JH2-2 bacteria and the subsequent degree of histopathology approach those seen in MGH-2-infected mice.
The spleen efficiently removed both bacterial strains from the blood; however, on the first day of infection, the less virulent JH2-2 strain was present in the spleen at a higher level than the more virulent MGH-2 strain. These results suggest that JH2-2 was taken up by the spleen more readily than MGH-2 or that MGH-2 was killed more rapidly in the spleen than JH2-2. If the latter hypothesis is true, then MGH-2 was sustained or multiplied in the blood, since both JH2-2 and MGH-2 were found at approximately equivalent levels in the blood throughout the infection period.
While histopathological lesions were observed in the kidneys and heart, there was not a striking difference in the number of bacteria or the severity of lesions between MGH-2-infected and JH2-2-infected mice. Infection of the kidneys was associated with mouse mortality but was not a prognostic indicator of relative mortality, since no major differences in pathological lesions were observed between MGH-2-infected and JH2-2-infected mice. In the heart, there was more variation of bacterial counts than in other organs. Since there was not a consistent trend in histopathological lesions in the heart, it is difficult to determine whether heart colonization led to increased mouse mortality. A high degree of variability in the number of bacteria, and thus in bacterial clearance or multiplication, was observed in the blood of individual mice infected with E. faecalis. Numbers of bacteria of both strains decreased in the blood until 7 days (168 h) postinfection, when a slight trend toward an increase in the number of MGH-2 and JH2-2 in the blood was manifest. It is noteworthy that there was a slightly higher number of the more virulent MGH-2 (versus JH2-2) bacteria in the blood at 7 days (168 h) postinfection, suggesting that MGH-2 was not controlled effectively by the liver and that spillover of the bacteria from the liver or kidneys to the blood occurred at this time point. The peak time of mortality in intravenously infected mice occurred between 7 and 10 days postinfection, and this peak time of death appears to correspond to the presence of bacteria in the blood (in the case of MGH-2) and the inflammatory response in the liver and kidneys. The histopathological results indicated that the primary cause of death in the mice was a massive coagulative necrosis that occurred primarily in the liver and kidneys.
In summary, it appears that both MGH-2 and JH2-2 are removed from the blood by the liver and spleen and are effectively controlled until day 3 (72 h) of the infection. One can speculate that during this time the more virulent strain, MGH-2, acquires the ability to survive and multiply in the liver, presumably in Kupffer macrophages. The less virulent strain, JH2-2, lags behind in its ability to survive and multiply in the liver. Between 3 and 7 days of infection, MGH-2 and JH2-2 are released from the liver into the blood, resulting in a "secondary infection" of the blood. Possibly, those bacteria that survive in the liver exhibit enhanced survival in the blood and spleen and can now effectively adhere to and colonize the kidneys and heart. The two strains infect the blood and organs equally at 7 days (168 h); however, the more virulent strain MGH-2 may cause slightly more severe histopathology in the kidneys and liver, due to unidentified factors that are expressed following multiplication in the liver. The "secondary infection" of the blood and organs at 7 days (168 h) coincides with the beginning of mouse deaths.
The hypotheses suggested in this study remain to be tested. Our results indicate that the intravenous mouse infection model is a useful tool for identifying more and less mousevirulent E. faecalis strains and for examining the histopathology of infection in mice. This infection model should be helpful in identifying a factor(s) produced by more-virulent strains of E. faecalis that contributes to increased mortality following bacteremia.
